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~-
···Abstract 
A current problem in magnetic ·memory sense amplifier 
design is described. A solution,is proposed based on· a pre-
amplification strobing concept. The resulting circuit is 
a transistorized sense amplifier ·capable of distinguishing 
signal. levels of 5 millivolts and 60 nanoseconds duration. 
The output level exceeds o._5 volt and is quite insensitive 
to· signal waver<0rm variations. 
/ 
-
. / Noise suppression qualities 
of the .circuit are ·very good. A possible application to 
ferrite sheet memories is suggested. 
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I. Definition of Problem 
-----
The sense amplifier of a modern high speed magnetic 
memory must provide a high level logic output when ~riven 
by relatively weak signals from the sense windings. Its 
function in two-fold. It has·to first provide the required 
gain to increase the care signals to logic levels and 
second to be able to discriminate a 11·1•t signal from a iiQ" 
... 
signal in order to provide a meaningful output. 
I~ the problem which led to this thesis, the signals 
are thqse presented at the output of a sense line in a 
,, 
., 
ferrite sheet magnetic memory. The~e signals consist ot 
an a.pproximate single cycle sinuso\dal fluctuation of 10 
• I 
mi.111 vol ts amplitude and 120 nanoseconds period as shown in 
Figure 1. 
''1 '' 
~-i : ... .. 
,, I/ 
0 
~ 
t"---.,,,_---~---..- t 
Figure l 
·" Memory Signal 
The "-1 11 signal differs, from the iion signal only ;n polarity 
and can be represented ma.thematically by-
\ 
..... 
., 
-~ 
r1:.(f 
),( ' 
,, 
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I , • 
r 
~. 
,, II 
· I = · A s',o · w~ t 
, . . 
'b'' = -A sin e4t -,1. . ~= 1Jr = s. 3 ~JO 1,,,, ~ . 
A fourier analys1~ see Appendix I, or this time domain 
function yields the frequency spectrum of FLgure 2. 
) 
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Figure 2 
Fourier Spe
1ctral Components of Signal 
I The signals will follow sequentially in any order at 
a 200-400 nanosecond repetition rate. The following 
paragraphs present the many reqqirements to be placed on 
an ideal sense amplifier capable of handling the signals 
just described. 
Input Impedance 
Sense line inductance and oapaoitanoe cause the 
sense winding to appear as __ a_ transmission line. The 
impedance of. the sense line has been measured as 420 ohms. 
-The input of the sense amplifier should match this imped-
ance in order to prevent reflection of the signal 
... 
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and eliminate possible modification o·f the -:ave shape. 
·-Common mode reJection "-
.The memory- under study uses a balanced sense line to 
convert some of the spurJous noise to common mode signals. 
The amplifier must reject these common mode excursions and 
respond only to those signals which are developed across 
th~ sense windings. A rejectio~ ratio on the or~er of 100 
to l or g.reater is desirable. Common mode signals may be 
eliminated by the use of transformer coupling between 
memory and sense amplifier. 
Dzr!amic Range . 'r, 
. 
. 
The amplifier at times may b·e dri vsn by a noise 
sign.al much greater than the normal signal level., for 
instance, during write ope~~tionso Noise pulses greater 
than one volt can be expected. The amplifier m.ust recover 
..... 
rapidly from this overdrive in order to respond t:p. th:e 
desired signal. 
One approach would be to design the amplifier with a 
wide dynamic_ rang.a_ which. accomodates .the worst case noise, 
or at least is not driven hard into saturation. Alter-
nately, there is a possibility of using a pre-amplificatio~ 
··.. 'l. 
' 
strobing_ princip.le which .will prevent amplifier overload 
-
'through a turn-of'f bias during noisy· periods. 
J 
\- .,, 
/i 
\ 
.. 
-;...; . 
-·· " 
Baridw1dth 
Frequency response of_ the amplifier is dictated by I I 
5. 
a consideration of a·11owed signal delay and distprtion. · r .. , 
Since the output of the memory has strong frequency com-
ponents· in the higher meg_acycles, as well as a low fre-
quency pattern repetition rate, the amplifier must also 
· have a very wide band pass. 
Gain and gain stability 
The gain supplied by the sense amplifier must b·e 
high .enough to provide a logic level out·put. In add-
ition, this high gain should remain constant under all 
po.asible conditions to. prevent distortion of the 
· signal,and maintain a Qlear and definitive output. No 
additional ambiguity of output due to unstable gain of 
the amplifier can be allowed. 
Temperature stability 
The sense amplifier will be physically located near 
·the memory planes. It has to operate reliably through the 
s·ame ambie_nt temperature range as -that to which the 
l?lem~ry may be __ s~b.jected. An operating range of 32-150°F 
is a reasonable goal~· Any_ sµtfts_ of bias levels due to 
temperature are to be minimized. Particularly if d.c • 
. coupling to the ampli.fier is used, sources of drift in· the 
~-
. 
-
ampl:fr1·er must not affect the d. c. levels o_f the following 
elements. -
\ 
>ti.: 
··~ . 
.,. 
., 
I . 
6-•. 
SiS!!al variations 
Because. variations in the memory output waveform.are 
, 
sure to occur in practice, due simply to physical differ-
ences and irregularities in the memory itself, the de-
cision elements must operate iri such a fashion as to 
minimize these variations. Proper selection of decision 
. levels have to be determined. 
Pattern sensitivity 
The time constants of all energy storing elements 
must be small enough so that no level shifts of any kind 
occur within the amplifier due to differing memory output 
seq.uenc.e patterns.. A level shift due to a long sequence 
of digi t.s o:f one. type could. concievably prevent the 
recogni tic~ o.r a digit of the opposite polar1 ty. 
Output 
The sense ampli.f·ier output should consist of· a l to 
5 volt pulse of at least 30 nano!!econd duration. If some 
other output signal i·s more easily obtained, then some 
form or conversion to the required output will be nee-
';, I 
..... 
Cost 
. . l· .• , 
For large high speed memories, it is likely that a 
large number of _·sense amplifiers will be required. Cost 
. . 
becomes an important consideration and the basic cost of 
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7. 
each sense amplifier should be kept to a minimum consistent 
with sound engineeri'ng des1gll: 
\ ·pP' Rel1ab111tl 
The overall unreliability of the memory-sense amplifier 
·sys-tem shou~d depend almost entirely on the unreliability 
of the memory itself and to a negligible extent on the un-
reliability of the sense amplifier itself. 
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.- II· e'· Solution Concept 
The solution which is proposed for the problem just 
described consists of a two-transistor. pre-aptp11f1cation-
strobed amplifier circuit similar to that suggested by 
Tsui. It uses a high speed, low level, high gain, push-
pull transistor amplifier. In· operation, the circuit is 
kept in a stand-by state at all times excep~ when turned 
o,,n purposely by a strobing. signal for the short period of· 
. 
t_fme when the memory .signals are at the input terminals. -·-
This type of circuit was selected only after a 
-
lengthy search of the recent literature on magnetic mem-
ories and a study of several alternate paths to solution 
of the problem. This circuit, unlike some others using 
avalanehe effect or blocking oscillators does not w:>erate 
· ne:ar ·any· unstab.le. or sensitive tbresbo.ld point and can 
easily be kept in a highly stable condition at all times, 
. even-through variations of temperature or supply voltages • 
. Because the circuit is only act~vated when it is 
desired to actually sense the memory signals and de-
activated at all other times, it provides a natural 
approach to the high ~oise level aspect of the problem. 
In an electronic network, information tra~smission is nearly 
. • ·-· .... .•. :.c. ~.-..... · -always -accompani.ed .. by noise di aturbance. s 9- _ ... R~li .. abi 11 ty or ......... !' .... --·~----··~·.:···~-~----, ........ , ... 
_ transmission· depends upon the ratio. of signal· to noise. 
When the signal is accompanied by sporatic or Nyguist-
noise, evaluation or the signal usually relies on 
( 
9. 
',. 
-~ . 
.. 
amplitude discrimination. However if there is-a certain 
1i!) 
correlation between the signal and noise as in this case 
for read, write, or d1g·i·t noise, then the signal to noise 
ratio is not cci~stant in time and there will be a certain 
time interval when the ratio is a maximum. The signal is 
best evaluated on~y in this: interval,· bense the concept 
of strobing. It is important that this strobing of the 
. ,, ' 
~ignal plus noise be accomplished prior to that point 
where the signals are applied to the sense amplifier 
input. In ~his way the amplifier is protected from the 
noises which can be very large and would otherwise drive 
the a~pl1f1er hard into saturation and possibly cause it 
to become temporarily blocked. 
No pattern sensitive level shifts are expected to 
occur due to energy storage within the circuit. There 
are no bypass or coupling capacitors used and the only 
energy storing element is the input transformer. However, 
the bipolar nature of the signals applied.to the input 
prevents any accumulated energy storage since the average 
d.c. level of these signals·1s zero •. 
• .... •. ~' 
... _.:ti. ) 
..'!: 
"·,, -,; ?: 
. ,:' . . -· . ~ 
.. 
.. 
.J 
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10. ,·~ 
.. 
r1·r. Circu1 t Description and. T·heory 
The circuit diagram for the pre-ampli1'1cat1.on strobed 
sense amplifier is shown in Figure 3. Signals from the 
ferrite she~t memory are coupled by a small 1:1:l turns 
ratio transformer to the bases of a push-pull transistor 
amplifier. The center tap of the secondary winding is 
connected to a bias arrangement consisting of diode D2 
and variable resistance R1. It is also connected to a 
strobe signal input through diode D1~ .The emitters are 
connected through a common resistance to the negative 
supply. The collectors are separately joined to the 
positive supply with 2200 ohm resistors and a balancing ", 
potentiometer R2• Diodes n3 and D4 clamp the collector 
voltages near·ground. Two output terminals connect 
directly to· the collectors. 
The effect of diodes D3 and D4 is a modification 
of the load line as plotted in Figure 4 on the collector 
cnaracteriatica curves for the transistors. From Figure 
3 we see, 
,: 
-but the diode current id is a function of the collector 
' th 
... 
< . 
., 
·' 
11. 
I • 
.voltage Vout. id= F t;iout). The load line ·then takesi the .. 
form, 
1. 
Vovt --
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' Sense amplifier circuit diagram 
" 
~ . . . 
. - - ; , ..... ; ..... -
.- - -: --- ·--. . -~-- ., . .. ~ . 
-- ~: .. ,.,;,. ·-· . .:- .. ~ - :.'··~. -,·-· -:f·-: ._, 
... 
\ 
12 • 
' 
:.Q 
. ' .• ;_ 1_: 
<P'. 
\, 
~J 
,. 
....... · .. 
'," •-.~ 
·,~-
~ 
5 
~·-· 
-~-
·\ 
·-,· 
"l; 
-~ 
-~-
~------------------..:.......;.~ ..... :  · ....... - : ..... :-____ .,_ __________ ~ Vr. 
Figure 4 
-
Collector characteristics and load line , 
·...;.· 
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For negative output vol~ages, the diode current will 
be the reverse saturation current which is negligible 
compared to the collector current ic. In fact, even for 
small positive output voltage, less than·0.5 volt, the 
diode current is small and ·only begins to become·a sig-
~ nificant factor in the above equations as th~ positive 
~ltage exceeds O. 5 volt and the diod.e current starts its 
characteristic abrupt increase. 
,,·, ~ 
The dotted line in Figure 4 represents the collector 
load line without diodes D3 and D4 and the heavy vertical 
. . line shows the abrupt change in the load due to these 
diodes. The _shape of this vertical section is a function 
of~the forward characteristics of the diodes ~nd is an 
important consideration w~en the circuit is used for 
sensing very weak signals. 
Polentiometer .R1 controls the current through diode 
D2 and in doing so sets the bias current for the transistors. 
-I. = (Vo,. - Vsf!) /R3 
.. , ' 
where F = forward characteristic· of diode D2.Diode D2 , 
,, .. ~ 
therefore,·must be carefu~ly selected on the basis ot ' 
forward charac-teristics in order to insure that a smooth 
----------------------------------'---.......:.._.::_~ ··" 
( 
' 
... 
.. 
15. 
control is possible. A gentle slope is needed for smooth 
control alt~ough too gentle a 'slope •111 introduce added 
resistance to the signal current-path through the emitter 
junction • 
. 
In addition, diode D2 provides a tlleasure of .temper-
ature stabilization. It is a well-known fact that the ) 
/ 
., 
temperature dependence of the forward voltage across a 
~ 
semicon4uctor diode at 6onstant current is the same as 
that -of the base emitter voltage of a transistor made of 
_., ,; 1 
the ~ame a_emiconductor material at constant collector 
voltage and current. Mathematically,. 
d Vo 
d TI~ i-;· 
Suitable choices of Rl, R3, and R4 can provide temper-
ature compensation over a considerabl~ range • 
. 
In normal operation the transistors are cut otr by 
-a negative voltage applied· to the strobe input terminal 
,;,1 
through a 47 ohm load resistance. This voltage causes a 
~arge current through diode D2, thereby increasing_!, and 
de·creasing the p9tent1al of point A in Figure 3. The· 
current through diode D2 ceases and the emitter junction 
............... ~, .. __ ~, ... of the transis-tor-s ·-1--e-se their forw-ara bias. Actual~y the 
emitter junction ma.y be back biased if desired for noise 
f' .. 
,· 
.. 
-· 
\ 
... 
. .-,.·. 
• 
. . 
·.1-s·. 
suppression by this arrangement. In this normal stand-by 
condition the potential at point A, Figure 3, is given by, 
l - V.- Yo, ,-
'17 .,. R1 
since there is a negligible current through diode D2 or 
the base emitter junction. The emitters of both transis-
~ 
tors; however, are at a potential of essentially -V1 and 
• " l 
.·~ 
a· no·ise signal of amplitude less than Va-V1 will not bring 
,. 
. . .,.. .., ..... •: . -~ -·· 
the circuit out of its- stand-by condition. The magnitude 
of this back bias may be increased to any desired level 
. 
provided the reverse collector to emitter breakdown volt-
age !snot exceeded, assuming the breakdown voltage of 
diode D2 is much greater. 
When a signal is present on the sense line from the 
.. 
memory, a coinciaent strobe signal is applied to the 
str~be input which then pulls the strobe input voltage 
" above VD1 causing diode n1 to be cut off and diode D2 
to cond~ct, further causing the transistors to be biased .. J 
to their quiescent point Q.in Figure 4. The circuit is 
now in a ready state for si·gnal amplification ... 
The input signal, depending on its po.lari ty, drives ' 
one of the transistors f~~-~-A~J' .. in.t.o .the--·-ac·t·ive region- ····~----·· -·-· 
·,-•"' . ·-·· ~· _____ ....... -·---·------1'">..,-- .. -- ..... --.. ,. ,.-,... -. .. 
a~ong the 16ad line toward point Ro ·A negative-going~ 
_L_._ pulse· appears on the o-q.tput terminal associa tad 
( 
. .... :- ........... ...._. ... ~--·-··--·-· .-,.- ........... _, .. 
.. 
I~-
:· 
I 
I 
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l 
I 
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. 17. 
··' •'. ' 
'· 
with this transistor. The other transistor is puaqed back 
down the diod.e portion of the load line and no output 
',' ~ 
pulse appears on this output terminal as the respective 
diode D3 o~_p4 takes up the reduced collector current. 
When the strobe signal is removed, the entire c1rcu1 t re-
. ~ 
turns to its standby state indicated by point Sin Figure 
4. 
An entire cycle as just described is illustrated in 
Figure 5. In actual operation the strobe wavefor~ may be 
narrower than the input signal and thereby make the shape 
if 
of the .output signal someTNhat independent of the shape of 
~ 
the input signal. .. "·~ Slight variatlons in the time of 
incidence of the signal may alsO'-Je eliminated from the 
' } 
· output by starting the strobe waveform after it is certain 
_.... .•. 
the input signal will .have started and stopping the strobe 
before the desired half dycle ·or input signal will have. 
ended. See Figure 6. ( 
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' The input impedance of the sense amplifier, when at 
the.quiescent point Q, is determined byfour factors. As 
one can see from. the circuit, .Figure 3, the signals 
indu.ced on_ the secondary ot the input transformer flow not 
only through the emitter junction, but also through the 
diode D2 and resistor R3 • The input impedance is given 
by 
• 
wher·e N is the primary to single secondary turns ratiq of I 
r . . I 
• transformer T. This turns ratio can be varied in order to 
match the sense amplifier to the signal source. Resistor 
R3 does not cause any negative feedback because it carries 
.• 
the current of both transis~ors and any increase of one 
\ 
. current is catlcelled by a corresponding decrease of the "' ... , ..... 
other. 
The forward characteristic of diodes D3 and D4 be-
comes an important consideration when very weak signals are 
to be amplified. As explained earlier, when the strobe 
waveform is app.lied to the circuit, the transistors are 
pushed up the load line from point S to··point Q in Figtire 
~ ... ,. . 
' -
. ..... -,' ... -. ., ··~·~-· ... ·--.,..., ................ -·---···· .,. " 4 • Any voltage difference between Sand Q will therefore 
appear as· a false output. s 1·gnal superimposed on the 
... 
._. 
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" 
normal output signal. In order to keep this voltage 
difference a mini~um and thereby eliminate any confusion 
· A11 between this output and t~ormal output, the diodes 
must have a very sharp forward charac-teristic as shown 
in Figure 7. 
•.- ~ 
- .~ - - - ' . 
IJ 
,. "I tt,O~ f 
ve ~ t•~• J 
Figure 7 
Desira:l;>le di-ode characteri.st.·.1.c.·.EJ: 
Naturally, all the diodes and transistora·must have 
very fast switching capabilities in order to follow the 
waveforms involved. Since the strobe waveform is.normally 
narrower than the input signal_; it. represents the maximum 
switching speed required. Every diode and transistor in 
' 
,•I' 
J : 
I the circuit has to change its current level quite abruptly 
during the strobe period. For the signals described in 
Part I, a strobe width of 60 x 10-9 seconds is typical. 
Vo·l tage gain of the circuit can be calculated from 
the collector ··characteristic, load line, and input 1.mped-
• 
making the collector load resistance high. Increasing .the 
.I 
·'llf, ·, 
. \ 
i: 
7"':" • -
' ' 
/ collector quiescent current, by increasirtg the po~itive 
supply voltage rather than decreasing load resistance, 
" 
~ also increases voltage gain by reducing the emitter 
22. 
junction resistance. See appendix II for a giscussion ~ 
of the effects of transistor parameters on gain of the 
circu1 t. 
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rv. E:q,erimental Verification and Results 
In order to have a signal source ava:·11able in the· 
laboratory for pxperimental use, a simple one was con-
structed., It ·consists of_ a single ferri t~. plan_e ident~cal 
\ to tho··ae used in the Bell Laboratories memory. A drive 
wire is threaded through one.hole twice. Output signals 
are taken from the plated winding to a termination con-
sisting of a 52 ohm resistor and 300 x 10-12rarad·capacitor. 
Drive for.the signal source is provided by a Hewlett 
Packard 214A pulse generator. Positive pulses of 50 x 10-9 
sec-ands duration and s~vera~ volts magnitude were used. 
A 5 volt d. c. supply. ___ is. used. to. re~ set the magnetic domains 
• 
after each pulse. 
' The signal output is connected to a 52 ~hm variable 
attenuator and.then to the sense amplifier. A typical 
signal output is shown in Figure 9. Signal output of the 
_ opposite . polarity can be obtained from this simple source . '-· 
by re.var sing the leads. 
Later on in the experimentation when it was desired 
to demonstrate the simultaneous operation of two sense 
} 
amplifiers, anotb.er ferrite plane was adc;led, above the 
first, and_tbe driving current wire was threaded th~o~gh .... ... ' -· ~ • .. • -- ~ ;- ... .,._ ... • '"'r'"; ' -~ .. ~--.... •• •• • •. • •. ~-··. • ~ - • - . .,, ' • ,· • ... • 
one ho.l.e. 1n each .. p.l~ne twice. -Separate output terminals 
wifu_s.eparate. terminations .we.re taken from each plane. 
.,, .. ... 
. ... ., ... 
\ 
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The circuit shown in Figure 3 was constructed in 
order to demon~trate experimentally the successful oper-
ation of a sense ampli'fier based on the pre-amplif1cat1ori 
strobing concept. 
The transistors used were Fairchild type 2N709, chosen 
because of their high speed, goo~ temperature characteris-
tics, moderately high breakdown voltages, and availability 
at the. timeo Experimental results with this transistor 
have been much. mare. successful than with the Western 
Electric 29A or 16A, bQ-th of which are also NPN s·ilicon 
.... ;,,, 
I . 
transi s torse 
I 
The high gain required with signal lavels 
on the order.of 5 millivolts was more easily achieved 
using the 2N~09 transistor. 
A Western Electric type 432A silicon diode was. 
selected for D2 because of its moderate forward conductance 
whl.ch perm1 ta a good smooth bias control. Western Ele·ctric 
diode type 435A, silicon, was used for n3 and D4 because 
of its sharp forward characteristic. Some ea~l1er, less 
encouraging results with a lNlOO germanium diode clearly 
. . 
demoostrate.d the need for a sharp forward character.is tic 
he_re. A. lNlOO diode was used for D1. The forward 
characteristic curves for these three diod·es is shown 1'11 
Figure 10. · 
' 
, The input transformer is a small 1:1:l turns ratio 
unit with a torroid core. Resistor values used in the 
circuit are those shown in Figure 3. 
-., 
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Typical signal from simulatQr 
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\.. 
The circuit is adjusted. according to the following 
procedure. Supply voltage.a .f- 10 volts and - 2.75~·~volts 
. are applie_d_. _ Bias adjustment is ma·de by s,lowly decreasing 
the. resistance 1n p9tentiometer R1 while observing the 
current drawn from the positive supply. This current 
will .remain constant until the bias is increased to that 
point.where the transistors take over the current through 
diodes n3 and n4 • As R1 is further decreased the transis-
-tors will draw increasingly more current from the positive 
~ 
sup.ply. Bias is set for that point where the positive 
supply current just· starts to increase. The sense amplit-
fier is thus set for point Q as described earlier. 
Then the -5 volt supply and strobe input signal are 
~--"' 
. 
connected. The strobe signal is provlded tly·a H9wlett 
Packar.d 215A pulse genera tor, s~chronized to the signal 
sour.c.e. drive generator and . set for a pulse width of 65 
nanoseconds and an amplitude of 0.3 volts across a 47 ohm 
load. Adjustment. or the circuit is then complete'. 
~J 
Circuit outputs were observed simultaneously with -tbe 
input. signs l. and strobe waveform on a Hewlett Packard 
·175A oacillos.co.pa with. a four-channel plug in. 
Figure 11 is an illustration or the waveforms as 
. seen an_ the._ oscilloscope •.. The~ upper .two traces are the 
, - . . . -- . . . -~ 
. - ' - -- . - - - - - . ' . - , . 
two outputs, ·the third trace the strobe waveform, and 
the bottom trace is the input signal. Figure 12 shows 
" 
• 
.. 
. J 
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. . .. . ···: "'-·-·~;~~"fffii·~~;t{.·. 
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-~ the result when·the strobe waveform does not occur during 
the ,same time inte~va_l as the signal. -Figure 13 demon-
strates an input signal _of opposite polarity; the output 
signal then appears on the second output line. 
Gain measurements were made with input signals of 
various amplitudes, the result of these measur~ments are 
summarized in Figure 14. Voltage gain is relatively con-
stant at 100 for signal levels from 5 to 25 millivolts. . . . . . . . 
Further increase~ of signal strength saturates the amp-
··, 
litier causing the output level to remain constant. 
~ If the strobe is adjusted so as not to coincide with 
the input.signal and the input signal is increased in 
magnitude, no feed-through was observed until the input 
exceeds 100 millivolts. Above this level, the amplifier 
starts to pass the signal and amplify that portion above 
100 millivolts. Output keeps increasing unti~ tbe input 
reaches 130 millivolts after which the amplifier saturates.-
Recovery from saturation is immediate, however, for signal 
levels up to 500 millivolts. Higher, level input signals 
were not available but the author feels even greater. 
,.,. input signals, which may·be thought of as noise since 
they are outside the strobe period, will ''not block the 
-,----. ------- -~---::·---- --·--- -- ----ampl i :f 1 ·eI» --and. ::·--ca us.e __ : long . rite Q_V_~_ :ry_. p~ -~ 1. Qg_~. _ •. _. 
·4 
In order .to demonstrate common mode noise rejection, 
the primary leads of the input transformer were removed 
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32. 
from the coaxial connector and connected-. in a twisted pair \ ' 
·, 
fashion to two terminals. A similar modification was made 
~----
on the signal sou:rce connection. The two were.. then joined 
by twisted pair cable. ', A common mode noise signal was 
; l ,i. 
applied between one of the twisted pair and ground. This 
noise. signal was supplied by a Hewlett Packard 212 A~ pulse 
generator synchronized with the strobe generator and. 
signal source drive generator. Adjusting the 212A gener-
ator for a 0.5 volt 100 nanosecond pulse and sweeping ,... 
thi_s~ pulse across the signal in time caused no observabl~e 
effect on tha output signal and no false ·output signals. 
The __ inflll.ct transformer of the sense amplifier circuit 
effectively cancels the common mode noise. 
Stability of the sense amplifier is very good. The 
circuit has been. le.ft runing for periods of time greater 
than four hours with no adjustments found necessary. 
Thr.owing _ the main p.ower switch in . the labora t9ry the 
next day brings the. circuit to ·operation, wi~h no adjust-
" 
ment require_d on the sense amplifier. 
Repetition ra·te of· the signal and strobe waveform is 
controlled by the pulse generator which drives the signal 
-
source. This rate was adjusted up to l megacycle with no 
problems encountered in · the sense- amplifier circuit. __ 
.Higher speeds were ·not possible with the pulse generators 
used. 
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. . 
rn·orderoto demonstrate the use of a common strobe 
'i: . for more- than one sense amplifie.r, the circuit of Figure 
I 
15 was constructed. It consists of two identical sense 
( 
amplifier circuits with a common strobe input terminal. 
Diodes, D, normally used to isolate the bias arrangement 
from the strobe signal now also serves to ·1solate one 
circuit from the other at their on1y common connection, 
the -strobe input.-. . 
When the strobe signal is applied to each circuit 
indepe.ndently as shown i.n Figure 16, the second circuit 
showed no output, feedthrough, or interaction of any kind 
with the first, wheras the first operated in a normal 
manner. It appears entirely possible that a set of 
~, 
-m~many sense amplifiers can be driven from the same strobe 
"' 
'I 
source without interaction and furthermore that the strobe 
signal. can be diode gated t·o each· circuit so that only 
those circuits from which an output is desired at any 
particular instant would be turned on by the strobe 
s,ignal and· the others left in their stand-by state. 
Construction was done vectorboard style with no 
shielding and none was found necessary. Common supply 
voltage terminals were used without decoupling between 
"' 
·· - ~--- ··-···-·-"·-- -··circult.s and .. a· sing.1"t,- c:"annnon· gr·ound· ·terminal. ·was found to-~ 
b~ adequate. 
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.. 
The circuit described in this thesis has a definite 
application as a sense amplifier for a ferrite plane 
memory which is under development at Bell Telephone Lab-
ciratoriea. It was concieved and created as a ··s·ense 
amplifier capable of handling the output signals of such 
a source.· The circuit itself was tested under actual 
operation at the Bell Telephone Laborato~ies using the 
signal out.put from their memory. Figure 17 shows the 
• d 
result of this experiment. It is a double exposure 
photograph of an oscilloscope image of an input signal 
' 
sequ~nce 110 on trace 2 and 4 and the two corresponding 
output signals on traces land 3. 
In a broader way, t~e circuit has an app~ication as 
the sense amplifier for any memory based on the magnetic 
storage principle, in particular those which require high 
speed along with high gain and good noise rejection 
qualities. The circui~which uses two transistors and 
four diodes compares favorably with other sense ampli--
·~-. 
fiers in regard to cost of components. The most critical 
components were found to be· the diodes in the collector 
circuit which.must have sharp forward characteristics, 
al.though .this requirement does not necessarily indicate 
an ax.pensive c~mponent. 
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,,~conclusions 
The sense amplifier was found experimentally to re-
produce those qualities for which 1:-t was designed. ·- In 
general, measurements were made to verify this raot 
rather than to see actual~y how tar beyond these require-
ments the circuit will operate satisfactorily. However 
the. following statements can be made about the apparent 
limits as obse~ved from the experiments: 
" 
1. The· operating speed of the. circuit is rather high. 
The transistors and diodes used ea.ally follow strobe 
waveforms as narrow as 30 nanoseconds. Signal and 
strobe repetition rate were found to be beyond the 
capabilities of the pulse ge~erator, 1 megacycle, and 
certainly extend well into the megacycle range. 
2. A lower limit on the signal level which can be adequately 
distinguished at the output is 5 millivolts; signals 
below this level can be confused with strobe feed-
through. This limit seems to dep~nd on both the gain 
of the circuit and the sharpness of the diodes con-
nected to the collectors. Increasing the gain of the 
circuit will push this limit below 5 millivolts. Use 
ot a sh.arper diode than the 435A should be even more 
- -
',;... ., 
. I 
·-· - ......... - .. -·,-· - -~-·--------.--·~-· - -- - ..... ____________ -·· -·--
effective by decreasing the strobe feed-throughand 
', 
allowing much weaker signals to be distinguishable • 
• :,, 
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The 5 millivolt limit was, however, found satisfactory 
in the present case and no f~ther attempt was made 
along the lines suggested. 
~ 
3. The noise suppression of the circuit is quite good and 
' is limited mainly by the emitterjunction b~eakdown 
' ' 
voltage • i . Thia breakdown limit determines the extent 
to which the transistor can be back-biased during the 
stand-by period. For the 2N709 this limit is 4 volts. 
Experimentally, the back bias was never set beyond 
500 millivolts. 
,;t' 
The tests conducted at Bell Telephone Laboratories 
) ·' 
showed no signs of any pattew sensit1v1ty within 
the sense amplifier circuit. 
,,,.;. •' 
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Appendix r· 
Fourier Analysis_ of Memory Signals 
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Appendix I--Fourier ana.lya1s of memory signals 
.. 
Given the ferrite sh~et s1gnalreprese\ted mathematically as 
,, 
f(t) 
.. 
f(t) = A SI 11 r.Joi 
' The frequency spectrum can· be determined by the Fourier / 
transform F(e..)) as follows: 
~) 
·'\. 
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. 
The well known function~hich is shown graphically •' 
f{tu) 
/' 
in our particular case, 
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Effects of Transistor Parameters on the Circuit 
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Appendix II--Effect of transistor unbalance on performance 
.. 
of the sense amplifier 
The main effect of d1ffer(9nt h,e of the two transistors 
will be a difference in the quiescent points • 
• 
The bias circuit for the transistors is shown in 
F1giire 
r, 
.!" 
.... 
Fer bias purposes, the emitters and bases of the 
transistors are connected in paralled., 
If we ignore the diodes oonneoted to the collectors, 
and consider just one transistor, then Kirchoff's voltage 
law applied.to the collector and base circuits ~espectively 
1ields 
-VJ , R, I a + ~, I c. • O 
• : , 'I 
Eliminating Ic from both equations, 
t ' 
,t 
JI 
.. 
' 
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., 
-(\ + 1) VJ V,, - Vee. i- R .. I a ~ 
From equation (2) we can plot the bias curve on the 
collector characteristics as shown in Figure 
Ic. 
~=====::±:========------ v, 
The 1nterseot1on of the bias curve and load line 
will determine the quiescent point, Q, of the transistor. 
If bottt transistors are considered, then two add1tonal 
terms must be added to equation (l) due to the effect ot 
the collector and base current of the second transistor 
which increase the potential across fa. 
r, 
. ~ 
. 
A difficulty arises if the quiescent point of both 
... 
transistors do not oc.~,.~r at that. po1n t ~n the load line. 
• 
- r • ~ 
•' 
·• • 
• • 1· - ·-· ·, .. _ -. • ••• .... •• .-:-::· 
where the effect of the collector diodes just starts to 
r 
appear. Voltage Vd can be adjusted by varying the current 
through D2, which shifts the bias curve until the 
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·1ntersection with the load line is at the desired point 
for one· transistor. The bias curve for the other. trans-
istor is now fixed and the only way to adjust its 
quiescent point is to shift its load line. This is done 
by adjusting the balancing potentiometer R2. 
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